Background: A novel coronavirus (MERS-CoV) causing severe, life-threatening respiratory disease has emerged in the Middle East at a time when two international mass gatherings in Saudi Arabia are imminent. While MERS-CoV has already spread to and within other countries, these mass gatherings could further amplify and/or accelerate its international dissemination, especially since the origins and geographic source of the virus remain poorly understood.
Introduction Introduction
As of July 12th 2013, 81 cases of the Middle East Respiratory Syndrome (MERS) have been confirmed worldwide, with Saudi Arabia reporting approximately 80% of cases. 1 , 2 Among confirmed infections, MERS has a mortality rate exceeding 50%, has a spectrum of illness that includes asymptomatic infection, mild illness and life-threatening severe disease, 3 , 4 , 5 , 6 appears to cause more severe disease in individuals with underlying medical comorbidities, 3 , 4 , 6 , 7 , 8 has demonstrated its potential for community and hospital based human-to-human transmission, 3 , 4 , 9 , 10 and has already dispersed to the United Kingdom, France, Germany, Tunisia and Italy. While the MERS coronavirus (MERS-CoV) is genetically similar to coronaviruses found in bats 11 , 12 and is suspected to be of animal origin, no animal source has yet been identified.
Every year, millions of domestic and foreign Muslim pilgrims congregate in Saudi Arabia to perform Umrah and Hajj. Umrah, which is a "lesser" pilgrimage, may be performed at any time of year but is considered particularly auspicious during the month of Ramadan (July 9 th to August 7 th in 2013), when it will draw an estimated one million pilgrims. By comparison, the Hajj is a five-day pilgrimage that is required of all physically and financially able Muslims at least once in their lifetime. This year (October 55% of Hajj pilgrims (1.74 million) were of foreign origin. 13 In light of the potential for these imminent mass gatherings to amplify MERS-CoV cases and contribute to its international spread, 14 , 15 we describe worldwide air travel patterns out of the Middle East between Ramadan and the month following the Hajj (since foreign pilgrims are required to leave Saudi Arabia within one month of the Hajj) as a means to anticipate the most likely pathways of spread. Knowledge of how the international community is connected to the Middle East through air travel during this time period is not well understood, but could help cities and countries worldwide optimally distribute their finite resources for enhanced MERS-CoV surveillance and public health preparedness. Furthermore, it could help the international community identify countries that have strong travel connections to Saudi Arabia and the Middle East but which have limited capacity to detect MERS-CoV in a timely manner, and if necessary, mobilize an effective public health response to imported cases including the implementation of rigorous infection control practices. Adopting a proactive and anticipatory approach to the international spread of MERS-CoV may help to mitigate its global health and economic consequences.
Methods
Using global data from the International Air Transport Association (IATA), we analyzed the anonymized flight itineraries of all travelers who embarked on commercial flights, including scheduled charters, from any domestic or international airport within Saudi Arabia, Jordan, Qatar and the United Arab Emirates (UAE) and who disembarked at an international destination between the months of June and November 2012 (i.e. encompassing one month before Ramadan and one month after the Hajj). IATA captures 93% of the world's commercial air traffic data and uses market intelligence to produce estimates for the remainder. Each flight itinerary encompassed data on the city where each traveler initiated their trip along with all connecting flights en route to their final destination. For all travelers initiating trips within the aforementioned four countries, not including persons transiting through these countries from other international points of origin, we calculated the total number of travelers with final destinations at each international airport worldwide. Saudi Arabia, Jordan, Qatar and UAE were selected as the points of origin for travelers in this descriptive statistical analysis because to date, all confirmed MERS-CoV cases in international travelers have been linked back to these four countries. We then compared these global travel patterns with those observed during the previous five years (i.e. June to November for each year from 2007 to 2011) to determine if there was a consistent seasonal pattern. As a large proportion of foreign Hajj pilgrims travel to and from Saudi Arabia via unscheduled charter flights, which are not captured in the aforementioned analysis, we concurrently modeled the expected national origins of Hajj pilgrims in 2013. To do this, we multiplied the total number of foreign Hajj pilgrims in 2012 13 by the proportions of pilgrims originating from individual countries based on Muslim population estimates from the Saudi Ministry of Hajj and medical literature, 16 , 17 and assumed a comparable number of pilgrims in 2013 relative to 2012. We then compared these values with the World Bank economic classifications of countries and estimates of national healthcare expenditures per capita 18 as simplified, albeit imperfect surrogate markers of public health capacity (i.e. their ability to detect imported MERS-CoV in a timely manner and mobilize an effective public health response to such cases).
Results

16
.8 million travelers on commercial flights departed Saudi Arabia, Jordan, Qatar and UAE for an international destination between June and November 2012. 7.5% had final destinations in countries that were low income, 47.4% lower-middle income, 17.3% upper-middle income and 27.8% high income. 51.6% had final destinations in just eight countries: India (16.3%), Egypt (10.4%), Pakistan (7.8%), the United Kingdom (4.3%), Kuwait (3.6%), Bangladesh (3.1%), Iran (3.1%) and Bahrain (2.9%; see Table) . Individual cities with the highest travel volumes include Cairo, Kuwait City, London, Bahrain, Beirut, Mumbai, Dhaka, Karachi, Manila, Kozhikode, Istanbul and Jakarta, each of which received more than 350,000 commercial air travelers from MERS-CoV source countries between June and November 2012. Furthermore, an estimated 8.7% of foreign Hajj pilgrims in 2012 originated from countries that were low income, 56.4% lower-middle income, 27.3% upper-middle income, and 7.6% high income. 60.7% of foreign pilgrims originated from just eight countries -Indonesia (12.4%), India (10.1%), Pakistan (9.9%), Turkey (7.8%), Iran (6.5%), Nigeria (5.7%), Egypt (5.5%) and Bangladesh (2.9%). A bubble plot depicting the volume of international travelers departing Saudi Arabia, Jordan, Qatar and UAE from June to November 2012, the estimated number of foreign pilgrims performing the Hajj in 2012 and estimated healthcare expenditures per capita in 2011 is shown in Figure 1 . 13 th to 18 th ), the Hajj is expected to draw over three million pilgrims from within Saudi Arabia and around the world. In 2012, 55% of Hajj pilgrims (1.74 million) were of foreign origin. 13 In light of the potential for these imminent mass gatherings to amplify MERS-CoV cases and contribute to its international spread, 14 , 15 we describe worldwide air travel patterns out of the Middle East between Ramadan and the month following the Hajj (since foreign pilgrims are required to leave Saudi Arabia within one month of the Hajj) as a means to anticipate the most likely pathways of spread. Knowledge of how the international community is connected to the Middle East through air travel during this time period is not well understood, but could help cities and countries worldwide optimally distribute their finite resources for enhanced MERS-CoV surveillance and public health preparedness. Furthermore, it could help the international community identify countries that have strong travel connections to Saudi Arabia and the Middle East but which have limited capacity to detect MERS-CoV in a timely manner, and if necessary, mobilize an effective public health response to imported cases including the implementation of rigorous infection control practices. Adopting a proactive and anticipatory approach to the international spread of MERS-CoV may help to mitigate its global health and economic consequences.
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